
F AD A078 822 ATOMIC ENEROY COMMISSION W ASNINSTON DC F’S 16/3
OPERATION PLUMBSOS. NEVADA TEST SITE. MAY—OCTOBER 1957. P1IOJECT—fYCCU)
MAY 56 A L O R tIS • KEPEARSE

UNCLASSIFIED AEC ITR I5O2 ‘ii.

Mi_uuurEIDIUUflUI __iflN
uU~J UUUUN I~

-



• 1 ~

PHOTOGRAPH THIS SHEET

‘U ____________

I I~~fI~I INVENTORYp.r4
~w z

~~~~ 
DOCUMENT IDENTIF ICATION

[~~ ISTRrBuTIoN STATEMENT~~~
Approved for public relea~e~

Distribution Unlimited
DISTRIBUTION STATEMENT

ACCESSION FOR
NTIS GRA&I
DTIC TAB

UN ANNOUNCED 0
JUSTIFICATION 1IJ JA N 7~~98O

DISTRIBUTION / D
AVAILABILITY CODES
DIST AVAIL AND/OR SPECIAL DATE ACCESSIONED

DISTRIBUTION STAMP

79 12 lu
DATE RECEIVED IN DTIC

PHOTOGRAPH THIS SHEET AND RETURN TO DTIC-DDA-2

FORM DOCUMENT PROCESSING SHEET
DT IC OcT 79  70A

__________________ 1~i~1~L ~~~~~~~~~~~~~~~~~~~~~~~~~~~



-~~~~~~~~~~~~

ITR -1502

RE UMI N A R ‘~ RE PO RT Ib is d i cum s ut c w ’s ls  it 38 pa i ls

J Ms I ~~ ii 280 d u e s . S e i i s s  a

OPERATION

j~L!LUMB BOB
‘
~~~~ 

NEVADA TEST SIT E
7 MA Y-O CTO B E R 195 1

~~~~~~ i,i~ I

cs MA\
1 ‘ .~~~~

.- ..S ..,.. ~~ -~~~~~~~~~ 

.
‘

.

~~~~

, 
.

Project 39.3 ..,

~~~ 

~ ..

THERMAL RADIAT ION MEASUREMENTS
(PARTS I AND II)

C A a ! I ; t f t ~- .4 t  tuz i  ~~~~~~~~~~~~ ~~~~ ~~i UNCLA~IRElJly Aut h~~r I t~ ~ t _ $ -  - A -

$ .-
- 

-. 
. - -

~ 

-. - 4  • 
... r_d~ - --.  

..
‘. C7 - - - - - -‘ .

~ 
-. .. -~ .J.. .-‘ -~~~~ - 

~* ~• -- .

I*S(III1C( Dat e: May ‘2~. 19~~

C I V I L  E F F E C T S  T E S T  G R O U P
A 1’ri~ ~1 I ~.ii. I’ t ‘t t ’i~ ‘

P ~ p
- — — — —I

~~~~~~~~ 

‘~ 
( 

~
s
~~~)

~ 1L..~.JI ~~~~~ 
____

A ~~~~~ _~~~~_ __ ~~~_~~~~~k~~ -



- -  -- -~~~~~~~~~~~~~~ 
- _ _ _ _ _ _

(

This is a preliminary report based on all data
available at the close of this project ’s participa-
tion in Operation PLUMBBOB. The contents of
this report are subject to change upon completic. n
of evaluation for the final report. This prelimi-
nary report will be superseded by the publication
of the fina l (WT) report. Conclusions and recom- I 

-

mendations drawn herein , if any, ar e therefore
tentative . The work is reported at this earl y time
to provide earl y test results to those concerned
with the effects of nuclear weapons and to pro-
vide for an interchange of information between
projects for the preparation of final reports.

When no longer required , this document may be
destroyed in accordance with applicable security
regulations.

DO NOT RETURN THIS DOCUMENT

At (  fechnt... I Infannatton S~ rvIc~ ~tt onnnn
O.k Ridge . Tenneuee

_____• - -

- - -~~~~~~~ —- -- s - ~~~~~~ ~~~~~~~~~~~~~~~~ 
. . .)  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Operation PLUMBBOB Prelii~inary Report

Project 39.3

TH~ (MAL RADIATION ~~AStU~EME~ TS (PARTS I ~o II)

By

A. L. Greig and. Henuan E. Pea.rse, MD

Approved by: B. L. Corsbie
‘— 

) Director, Progre~n 39
Director, Civil Effects Test Group

S 1t ( P r e n ~ A
I ~

-

jJ ist i ~bP~ P I i f l~~~J. 

Di~~sion of Biology and Medicine ~~~~

.—

U. S. Atomic Energy Commission

January l9~8 
- - ..-

~eo -~ States
- We ,

. the

H

-

~

T • ~~~~- . —~~~--—-



-

~~~~~~~

—-.  _ _ _ _ _ _ _ _ _ _ _ _ _ _

ABSTRACT

Part I: The object ive of Part I of Project 39.3 was to measure
transient air temperatures at selected locations in the blast-biology
underground shelter in Area 1 for shot Galileo, Operation Pluiubbob. The
procedure used in making these measurements was similar to those tech-
niques used by the Naval Radiological Defense Laboratory in making air -
temperature measurements In Operat ion Teapot, l9~~. No data were ob-
tained from this shot owing to failure of one recorder at zero time.
The record from the second duplicate recorder and sensing devices was
lost in the developing process because of failure to anticipate an over-
exposure of the fiJ.i~ to the high prompt-~~mma emission from the detona-
tion; also it is possible that this recorder stopped before zero time.
Evaluation of the equipnent used shows that, If equijinent is modif led. or
redesigned to be compatible with now Imown conditions, measurements of
rapidly changing air temperatures can be made at distances in close prox-
imity to Ground Zero.

Part II: The objective of Part II of Project 39.3 was to evaluate
• thermal burns from a nuclear explosion on biological receivers in a

shelter. Eight Chester White pigs were used as test animals.

One pig In the entrance and one about 3 ft inside the door received
severe burns. These burns were carbonized on the surface and caused
transepidermal damage with up to 0.3 mm penetration into the dermis.

Animals away from the entrance and those in the slow fill side re-
ceived no burns • The possible sources of this damaging thermal energy ‘I,,

are discussed.
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PREFACE

On past tests there has been evidence that damaging thermal radia-
tion has been present inside shelters exposed to nuclear detonations .
The phenomena of its occurrence in the shelters is not understood.

At the Operation Plumbbob Biomedical Test Planning and Screening
Committee meetings, a project was approved to measure the air tempera-
ture within a shelter in which several potential burn receivers (bio-
logical) ~~uld be exposed.

The Naval Radiological Defense Laboratory undertook the responsi-
bility for instrumenting the shelter and recording the measurements.
The University of Rochester in conjunction with the Division of Biology
and Medicine, AEC , undertook the responsibility for ~rovid.ing the ani-
mals and the medical personnel necessary for the biomedical portion of
the project.

This report is presented in two parts. Part I includes the instru-
mentation and air-temperature measurements; Part II includes the place-
merit of animals and evaluation of the thermal burns received. by them.

I.
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PART I

Tn E-T~~4PERAflJRE HISTORY OF AIR IN THE BLAST-BIOLOGYSHELTER FOLLOWING A NUCLEAR DETONATION

By
A. L. Greig

Ti. S. Naval Radiological Defense Laboratory 
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Chapter 1

1NrR02U 0 L’lON

F ’ e - t  -~ - ;  .~~ ( Pa rt  I ) was pre~~~scd as a field. t e~;t ~~ Je~ er~ii:- c~ a i r
t einperat ares with [:~~ u~ :~dergr~ ur.i she 1 tor i:. the vi. ~!:~i t~ e a :U~~ ear
Jet ;i t c: . . ~~~~~ t ~ ~~~ ~~~~ ~~~ T~~~\~t ~~ ¶~~~~s a:~d u l esses I a
s hi~Ila :~ ~: e . er : i lt cwed. cv . ‘:a~t~ ~‘f i~~s . ~e - t  s: I t hut eJ  i:

a t  ~~~~ to ~~rre  ‘ at e t h t os t ~~:~JI t ie~~~

1.1 O iiCr1V ~~

Fhe pr ixi~-tpa 1 ~h~ ect Ive  was  t~ ~2 t a 1 t ~ u~~r -t ~~:~~ - r a t u t e  J a t :~, 1t .~
temporal h t st  ~~~ ~-u~J t he v sr i at I L ’~ ~~:

‘ t ~:~vra1 hi st ~~~ at  e~ e~ t e.i 1~ —

c at  t c~~s -• i t  h i~ he :ie g: cu ::J b last  — b i5~ ~~~ h e it  er I~ t h e  v i  ~‘i ::i t y  c
a ~aic 1ear let c:~at  ic~ pr l1’r to , Jun :g • and a ~t er ~~ck a : r i v : u l  .
m~~~ ur e:~e:~t s w~ u J t hen be available f~r cs~r rela t I ~ ri wi t - l i  t erma ~ hu
~‘u varI~ us ~~~h a t i s  ic’catoJ w i t h i : - . the  shelter.

1.? ~AC ~J ~ OY~ 2

Fhe re Wa:: :~~.‘ xa ~ t tJ\ :-ia nat !  ~ fe t he t enaa 1 t i i ~’:~. tha t ~.-c •t’ r re~c’n t he  - :: dur I ng O era I i~~n Fea p~ t . Ont~ t lie~~t I ::dj ~‘at-ed that . t h e
anliua l ~: were burne d by r ei’ie~’t ed t i~ u :~:iai radla t I ~n rcieased at I he t- ime
~f iot ~~n.utt~”n . Anet  her t he~ ry ucas tha t the burns  :utght  have  been due t-~s imple e \pe~ur e n o t.reniely h~ t ai r .  i’he la’t air  c~ u~ J be ~au~:ed b_v t h e
ad abat  c press Ic’ ai r  at  ~-enst ant  volume as a ‘: e uenco c f t h e
bl:n: t cver —pu ~,ssure • ~‘he general gas law , ~ / 1c = I’,~F~ . ~cuId t hCI~. be
use.i tc predi ~‘t t he  I enpera t ure , .‘, as a fun~r t Ica c I he pre ssure in
oa~ I: c f the rccns r. th e  shel t or. Assum i ng :u: I :ni t ial t emperature ( F~.
~f 3 OO’~K a-ni a-n I n i t  i d  pressure cf l’~ psia, an ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ c1 C~ psi
wea ld  g I v e  a t ::tns lent  t emperature o 1

By est b ii li~ng the  time relatien cr difCe~.-tu~e b etween th e  po~~t hne c’ t~ th e  I e ~l—raflat1cn wise t h e  peak t ime ~ ~ nia~imum air t em-
perature • an.t  t h e  i:~e cf arrival cf t he she :k way e. ~‘no mi ght be able
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to attribut e the air-tenpe rature r ime and /or thermal bur ns to either
reflected dire ct ra diation and/or to the adiabatic canpreaalon of the
air at consta nt volume .
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Chapter ~i -

PROCEDURE

2.1 SHOT F A R T I C I I A ’ I O N

Air-temperature measurements were made in the blast-biology shelter
Ir’. Yucca Flat, Area 1, 1050 ft south of GZ on shot Galileo .

2..: ~~~~~~~~~~~~~~~~~

For the measurement of air temperature ,1 a high -velocity air ther-
mocouple (HiVat) was used. This consisted essent ially of a 1-all-diame-
ter pl~tlnum-platthum (90 per cent) rhodium (10 per cent) thernccouple
mounted on two brass cylinders (cold junctions) attached to, but elec-
trically insulated from , each other by means of a mica disk. The ther-
mocouple junction was placed in the center of a hole drilled through the
axis of the brass cold junctions . When air was aspirated through this
hole, the thermocouple was exposed to the heated. air flowing past the
thermocouple junction. In order to insulate the brass cylinders from
the heated air, pyrex-glass tubes were Inserted in the holcc of each cy l-
inder, and the air was drawn through the insulating tubes . Corn~rossed-
air aspirators are used to draw air through the HiVat. A more complete
description of the HlVat can be found in referenco 1.

Two standard Naval Radiological Defense Laboratory Mark IV radiome-
ters were connected to the Heiland. oscillographic recorders in an effort
to establish a known zero time and to determine the shape and peak time
of maximum irradiance of the thermal emission from the detonation.

In addition, one copper-constantan thermocouple, with an ice bath
as a reference cold junction, was used to determine the ambient tempera-
ture of the shelter prior to shot time . This temperature will allow us
to correct our room-temperature cold junctions to a standard. reference

• temperature.
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Laboratory calibrat ions have shown that the meltin g point of gold
(1063°C) can be determ ined to within about 2 per cent wdth the HiVat .
It has also been det ermine d that the difference betw~~n the temperature
of the air before entering the HiVa t as compared with that measured in
the HiVa t is relatively small. For example , over a 1000°C range the
cooling was 1 to 14 per cent , thi B being practica lly within the experi-
mental error

The opt imum air flow rate was found to be between 0.6 and. 1.0 cu
ft/mm , that is, reproducible results are obtained for flow rates within
this range. For the purposes of thi B experiment , where air temperature
is to be recorde d during the pressure build-up period as well as prior
to arrival of the shock wave, the flow of air was adjusted. to 1 cu ft/
m m .  It was felt that dur ing the pressure build-u p phase the pr ime mov-
ing air flowing through the aspirator would tend. to reduce in velocity
a~ it exhausted into an atmosphere of above ambient pressure. As the
velocity of the prime moving air was reduced, the flow of air to be
measured would also be reduced. If the flow of sampled air were reduced
to a rate of less than 0.6 cu ft/mm , the accura~~’ of the air tempera-
ture would be reduced. - -

Therefore , the pr ime moving air delivery system was adjusted to
pr ovide a sample air flow of 1.0 Cu ft /mm with a prime moving air prea-
sure of 100 pa l. To simulate the flow of sampled air when the exhausted
prime moving air discharge d int o an atmosphere 25 psi above ambient pres-
sure, the air delivery pressure -was reduced from a normal 100 psi to 75
psi. The flow of sampled air was reduced but only to a value of 0.7 Cu
ft/mm . This flow rate is still within the opt imum range of flow for
r eproducible result s ~l

Since the field operation r equire d the use of Hoiland oscillographic
recorders, it was necessary to determine the change in sensit ivity of
the recorder system due to change in resistance of thermocouple as the
temperature of the latter changes . For the input circuits used with the
Heilind recorders , it has been dete rm ined that the sensitivity change
from ambient temperature to 1000°C is about 6 or 7 per cent.

In view of the above calibrations and corrections to be applied. to
the temperature measured. by the HiVat, it is safe to state that the re-
suits shou ld thus be accurate to better than 10 per cant.

2 .3 INSTALLATION

Twelve high-velocity air-temperature measuring instruments (iiiVato)
wore installed at six specified locations in the blast-biology under-
ground shelter at a height of 14 ft above floor level, three stations
being located. In each of two rooms. Each station was equipped. with two
HiVats. Data from each HiVat were recorde d on a channel of a Heliand
oncillographic recorder . The re cording for each station was divided

14
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betweon two recorders to ensure against Ices of data us a consoquenco c[
1x)t~~ible recorder failure .

Figure 2.1 is a sketch of the instrumentation lay —out . The intitru —
meats wore firmly mounted to the concrete wails of the shelter. Instru-
ment supports were made of rigid 2-in, conduit and 2-in, pipe fittings .
A ir bottles, recorders, recorder junction boxes, batterioti, compronnod-
air-bottle control valves, and electrical control boxes wore all located
in the concrete entrenchment adjacent to the main blunt-biology shelter .
This equi~inexit was covered by plywood and three layers of sand bugs .

The compressed air supply to the aspirators was fed through Indi-
vidual 3/8-in.-OD copper tubing to ouch of the stations, an shown in Fig.
2.1. At the top of each stat ion installat ion, the copper tubing branched
through a tee fitting and then supplied each of the two anpirn t.ors per
station. Rubber tubing connected the suction pipe from the n sp lrnt or  t o
the HiVat. This tubing was mechanically protected by a short l ength of
flexible 1/2-in, electrical conduit; it was then fed directly ins ide the
2-in, rigid conduit used to support the RiVet instruments .  To minimi7o
the effect of magnetic pick-up due to electromagnetic omission ut t ime
of detonation, all signal pairs of wiro from the HIV s t * were twictod ,
nhielded pairs, and they were run inside the 2-in, r i g i d  condu i t- t hat
serviced each station installation.

All instrumentation was set to be actuated by the -~~ soc l~X’&d t.tci-
lag signal . The EG& G relay triggered holding relays In tho j u n c t i o n
boxes for both the air-bottle contro l circui ts  and the holland rocordor
power supp ly . These holding relay s energized the powor circuits cot - a
period of 30 nec. Thin ~~s ample time to bring the recorders up t o
speed, to allow the pr ime moving air system t o  uthblllzo, and t o  ~ i lo w

~~ sec of poetsho t recording time .

A t i8oo hrs on D- . ’ day , the -5 nec EG&G tt l gnn l successful ly  t r i g -
gered the air-bottle control circ uitry . At 1800 hrt; on fl-I day, t .ho
fall-power dry-run was nucceosfuLU .y- completed w i t h  bo th  t .ho rocordors
and all RiVets operating properly.

Betwoon .~;~00 hru on D—l day and 0100 hrs on I) d~y, I us t. rumon t s t- I
was checked out, final electrical calibrations woro rocordod, mitt t.ho .~~~~~

t t tstrumont shelter was cloned mid covered with sand bags .

REF~REN~E

1. E. C. Y. Ian , A ir—temperature Measurements Over ~ovorul ~uri
’ - s .

Operation Teapot Preliminary Report- , 1TH-1 l14’) , May , 195’.
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-~.l HE3ULT;~ FROM E~0RD~~ A

At approximately H + 3 k hrs one recorder was r~ ~ vered from the in-
utrument shelter, The second re corder wa s left In the shelter because
of the high level ci’ residual radiation In the area at this  time . The
Rad-Safo monitor would not pe~inlt the recovery party to remain in the
active area any longer t han i or mm . The recorder, with film Intact,
was brought to the NRDL processing trailer at Indian Springs Air Force
Base. The recorder, with ~w1tches untouched, was cotuiected to  a .~~-volt
battery . The recorder immediately ran and appeared to be mechanically
un&unagod. The film was removed and processed In a manner typical ci’
develoFinent for all other mlcrofiln fi lm used prior to this event in
Operat ion Flumbbob .

Whoa the developed film was examined , It was obvious that the film
had boon ovoroxposed to an irradiation of extremely high flux density.
The contrast ratio betw~on the record trace image and the film backgroun d
was so low that it wan impossible to dist inguish  one from t h e  other .
.~uhsoquent calculations indicated that the film had received a dosago l~
times tha t which  controlled exI~ sures in the laboratory deemed tolerable.
Faint images of’ proshot- calibrations for two of the eight channels of
infonnat- ion used were barely discernablo , but no other useful da ta could
be road from t. hi ti roco rLj.

• ‘ RE~U 1P~ ~‘ROM I*COHDEB R

A l’tor I I was ro cognl~~od th a t -  the film from rocordor A had boon ov er—
cx  l~~sed to a h i gh r ta l t  : tt , ion i’Ioid , the film from recorder B watt n~’t-urnodto  the  NRD L for t pucial dov odopi  iig and processing. There It watt detei’—
mined that by dove lop I ug sover :U dl tic runt . sect ions of the i’i Im for ~k5 —

r ~odt; of from 1 to ~ ml n a conti IIUOU&t and readable record coul d be ma de .
The f I m i  was developed , and all channels of infonntt l ion and time I ace
could be rtx~.d LI.y dl:; ti ngu i thied from t h e  badly fogged ba c kg round .
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However , ow ing t-o an a; yet  unexpla ined cause , recorde r B apparently
stopped just at zero time. No i nformation is available beyond this
point. The record showed all preuhot calibrations for each channel 01’

information. There is indicat ion that the recorder started with the
preshot EG&G signal and continued to run just until zero time. At this
point the recorder ceased to function without apparent reason .

3imilar failures of the recording system have happened at previous
timQs in other operations when recording stations have been close to
GZ.~ ”- These failings have not been reproducible, nor have they bee n
predictable. The effect of shock on the recorder would not disturb the
deflection of the trace appreciably . Failure of a timing signal in this
case seems unlikely since the air-bottle circuitry appeared to function
satisfactorily . In the past, an unsupported theory has been presented
that possibly the electromagnetic emission at the time of detonation dis-
turba the driving magnetic flux of the recorder motor. Unlikely as this
seems , several HoLland recorders have failed just at zero time for no
apparent reason.1,2 No satisfactory explanation can be offered at this
time for the failure of recorder B.

The Holland recorder used for testing a similar system on Turk
shot, Operation Teapot, gave usable data through the entire therma l pulse
and long after shock arrival. The recorder was located nearer a nuclear
detonation of larger yield. The only difference In the two cases was
the fact that the Turk shot recorde r was located in a deep underground
shelter and the Galileo shot recorder was located in a shallow under-
ground shelter.

3.3 PERFORMANCE OF THE HIVATS

On D+3 day, a recovery party recovered all HiVats from the blast-
biology shelter. Postshot photographs were taken of all hliVat instru -
ment stations. Physical examination of the instrument s indicated that
all HiVat s functione d in the proper manner ; that In , all pyrex-glass in-
take nozzle s were internally coated with dust . Many of the thermo couple
wires had what appeared to be a fuzz , or possibly minute anima l hairs,
adherin g to the wire . This indicated that the HiVats were definitely
aspirating air through the intake nozzles during the event .

An electrical continuity check of each instrument indicated that
the thermocouple circuit was open in the HiVats at the following sta-
tions: 1-B, 2-B, 5-A , and 6-A . Location of these stations is shown in
Fig. 2.1. The other eight Instruments within the shelter were undamaged .

The failure of the above thermocouples may have been due to parti-
cles of sand impinging on the l-mll-diameter wire at high velocity (120
ft/nec) and breaking the wire. Possibly the Intake ~~ ro~~-glans nozzle
was displaced by the shock wave, severing the thermocouple wire. It
seems unlikely tha t the thermocouple wire burned out since thermocouples
of this type have been successfully used to measure temperatures as high
as 1760°C.

18
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A general observation can be made from tu e apj *~:u’ancc of  oqul;i ;ie :t
w i t h i n  the uhel I- or . All I nst~imontat ion wi t 1;1 the room cJ oso:; t - to 11w
bias t was heav ily coated with dust . The r~~’m f a r t  I o:;t. f ;.~ ~ ; the blast,
wit lt t h e  specially designe d esc;t 1x hatch, wa ;  loss dusty * This may be
an m d i  cat -  I~ n that the bia a t -  e f f e ct -  W U t  not as groit  I In one room as in
the oIlier . ~\ .1 so , t u e  app earance of dust -  I aside the IliVat- o would load
one t o  suspect tile reliability of. any ai r—temper a tu r e  tnousuremtn i t a made
a ft or the t ime of’ shock arrival. An_v spuriou~

; c han~os in the tempera t u r t ’
record ; wubi be dif f I  cult  t o  di st ingu l th i  between t -ru ~ harp ciui i ;ge ; I n
ac tua l  a 1t tempera ture and sharp de fit’ ct ion chiu t igo : :  due t-o t he t I ;ernio —

couples be i ng st ruck by hot particles of’ sand or dust .

• I~ FFFEC’l 01” ~‘~fl0CK OT’1 ~~ui ~~
The ovorpressure w i t h i n  the shelter did not appea r t o  affect- the

instrumentation to any great extent . Only one instrument station ap-
peared to be aff ected only slightly . This was station 1, locat ed In thø
most exposed position to blast. The bottom toe of the instrument mount
bad started to unscrew when it was subjected to the blast overpressuro .
The rotation was only approximately 10 deg; so th i s  ~~s not considered
detrimental .

When the recovery part y removed the sand bags from the recorder
section of the ground-level instrument shelter, it was found that sand
had partially filled the concrete entrenchment . Possibly either the
negative phase ot~ the shock wave or au aIr -~’oll action of the posi t ive
phase had lifted and. d.ropped the plywood base and sand bags. During the
interval o1 rising and t’alling intact to the concret e entrenchment , a
great deal of sand had been allowed to enter the shelter. This made
physical removal of the recorders quite difficult. Howexer, subsequent
examination of the recorders and junction boxes revealed that no dnmage
had occurred. As was noted earlier , the recorders ran properly after
removal from the shelter . Also, since the air system was given a post-
shot field check, it can be said that the air  system still functioned.

R EFEREN CES

1. E. C . Y.  Inn, Air-temperature Measurements Over severa l Surfaces,
Operation Teapot Preliminary Report , 1TR —11 1 I~ ) , May , l~)’ ~‘ ‘

2.  R.  W . HI ilondahl and F. I .  Laughr id.ge , Basic Thermal — rut Is ti on Mos s -

uroniont s , Operation Teapot Report. , WT —ii ~~ May I’ 
~
‘

19

4
1!N~1 ~ S1flFfl

- — 

-‘. -~ ~~~~~ ~~~~~~~~~ — .— ~~~~~ — — ‘- -~



Chapter 14

CONCLUSIONS, DISCUSSION ., AND BE COMMENDATIONS

~4.l CONCLUSIONS

Since records of the air temp eratur e within the shelter were not
obtained , no data can be presented .

Some animals received burns . The cause of these burns has not been
established, and it is regrettable that no information relating to air-
temperature histories can be presented. Therefore, at this t ime , no
factual correlation can be made between the an imal burns and the trari-
sient air temperatures within the shelter.

14.2 DISCUSSION

The use of HiVats for measuring air temperatures within a shelter
for the period short J,y after detonation of a nuclear weapon leaves a
great deal to be desired. For instance, the reliability of the record-
ing system is not very high (owing to an unexplained phenomena that- hap-
pens at zero time, causing the recorders to occasionally cease operat-
ing). The effect of the shock wave as it passes the intake xio~ zle at
approximately sonic velocities is a phenomena that has not been fully
studied. What actually transpires is not known. 1)Des the sampled air
flow decrease or increase beyond the reproducible limits for accuracy in
the instrum ent ? The effect of hot particles other than air striking the
thermocouple can also possibly introduce errors in the evaluation of
data. And finally, the volume of air that is measured is small in coin-
par son to room volume. Prior to shock arrival, only about 0.003 cu t’L
of air is measured since the sampling rate is 1 cu ft/muii. Thi s samplod
volum e of air, when compared to a total room volume of over 1100 cu ft,
seems to be a very small proportion. It hardly seems possible that the
temperature of the air would remain uniform without temperature gradients
for any given finite instant • Even when six instruments per room are
used , measure ments in these places may not be a true indication of rep-
resentativ e air temperat ure s in the rooms of the shelter.

20
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14 .3 1~ECC*Q4~~ DATIONS

It is recommended that, if attempts to measure transient air tem-
• peraturet; in close pro x imity to GZ are made agai n , mor e time be allowed

for preparation of  the experiment. Points whi ch should receive more at -
tent Ion are a:; follows:

1. A ~~re adequate shelt er should be provided to protect the ro-
cording system .

.‘. If  similar t emperature-sensing devices (Hi V a t u )  are to be used,
a thorough study should be made to determine operating characteristics
unde r shock-wave condi t ions .

1 . PossIbly an entirely new air-temperature-sensing device should
be designed In full regard of all anticipated operating conditions .

14 . InvestIgation ci’ a more reliable means of recording should be
initiated .

5. A means should be provided to enable Investigators to sample a
larger proportion ci’ the total volume of air under observation.

& . Radiometers or even photronic cells could be installed ins i de
the shelter to measure directly the reflected thermal radiation, if any ,
within the shelter.

it Is obvious that , If the above points are to be considered and If
solutions to the many problems are to be developed, a great deal of time
and effort- will have to be spent before taking such a project to the
field.

It is recommended that studios be conducted relative to the electro-

4 magnetIc effect a on oquijizent , especially d—c motors. Sandia ~‘or- pera-tion has measured extremely high t ransient  electric currents .  Those
currents, no doubt , are accompanied by hi gh magnetic fields . A clea r
understaitdIng of this problem would lead to a solution that could eith er
eliminate or minim i~ o the effect on recording equi~1nent.
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PART II

BIOLOGICAL EVALUATION OF TH~~MAL BURNS
WITHIN SHELTERS

By
Herman E . Pea rse, M.D .

Univers ity of Rochester School of Medicine and Dentist ry
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Chapter ~

INTRODUCTION

In their work on blast biolo~ r, investi~~tors from the Lovelace
Foundat ion, directed by Dr. C. S. White,1 found that animals within shel-
ters sustained thermal burns. These animals were well shielded from any
direct thermal radiation from the fireball of the atomic explosion. This
phenomena was puzzling and immediately recalled the fact that some Japa-
nese who were within caves beneath the prison at Nagasaki sustained 

- 
-

thermal burns despite the fact that they could not have been exposed to
direct, radiant thermal ener~ ’.

There has been much discussion of the mechanism causing thermal
burns within shelters. The mechanism has a direct bearing upon the
method of experimental attack on the problem; therefore it is worth while - -

to list the various factors that have been considered. These are as fol-
lows;

1. The precursor wave of heated. air may be driven into the open-
ings of the shelter by the shock front. It is significant to observe
that the burns are always most severe near an entrance and are oriented
toward It. In burns sustained away from the apertures, the animals were
in a position to receive a stream of air from the entrance. It is note-
worthy that at shot Kepler pressure readings showed no precursor wave - 

-

and there were no burns; whereas at shot Galileo a precursor wave was
recorded and the animals within a shelter were burned. This may be co-
incidence.

2. Another source of hot air is from the igaition of flammable ma-
terial on the surface of the ground in front of the shelter by the ther-
mal pulse. This hot air is then forced into the shelter by the blast
wave • This effect could be increased by the heating and. flpop_corningrt
of the soil itself. That a flazmnable surface may raise the level of air
temperature is suggested by the measurements ol’ Inn2 who obtained higher
readings beyond plots of dried leaves.
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3. Molecular excitation of the constituents of the air has been
suggested as a source of the thermal energy causing the burns. At pres-
exit this can neither be proven nor denied.

14 . Rot dust particles that are blown into the shelter might cause
contact burns or, because of their heat capacity, might transfer thermal
energy to the surrounding air. Localized contact burns from large par-
ticles have not been observed, but the particle size is ordinarily small.
If a layer of small hot dust particles caused burns by contact, evidence
of this should be seen in the form of a thicker cake of dust on singed
hair or on burned bare skin. This has not been observed. If heating of
the air occurs from dust, it does not produce a generalized hyperthermia
because the effect is directional in the path of the greatest air move-
ment.

5. The “ram effect” of the shock front causing compression in the
con.fined. space of the shelter was thought of , but, from the pressure
changes that have been observed, it was considered unlikely and was die-
carded.

6. Reflection , reradiation , and scattering in the shelter entryway s
of the radiant thermal energy from the fireball is a possibility that
should be evaluated. The level of thermal energy outside the shelter is
high. At shot Galileo it was estimated to be about 230 cal/cm2 at the
outBidO entrance. The elevation of the weapon gives a line of sight onto
the wall at the first landing of the stairway and onto the rear wall of
the shaft. If only such a small fraction as 5 per cent of the radiant
thermal pulse were directed into the shelter by scattering, it would be
sufficient to cause the burns observed. Proper assessment of this fac-
tor requires calorimetric measurement of the radiant thermal energy en-
tering the shelter.

7. Evaluation of all the above possibilities of thermal energy
getting into a shelter leads to the conclusion that the weight of evi-
dence favors hot air as the most probable cause of the bu.’ns.

REFERENcES

1. C. S. White et a].., Effe ct s of Overpressures on Biological Systems,
Operat ion Teapot Preliminary Report, ITR-1l79.

2. E. C. Y. Inn , Air-temperatur e Measur ement over Several Sur faces ,
Operation Teapot Preliminary Report, ITR-11149.
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FR~\~EDURE

1 .1 ~ N T E ’ A T l O N

If air-~.emper~t-ure isurer~onts could be correlated with pressure
reai~~~~. it \.~~ id ~i~ike the bio1ogic~l effects more meaningful since it
‘.~‘u ld ~~~ve ax-i ~iIc~it icn o: the time—temperature history . The diffi—
c’.dty w:~s t ~ ~~~~ i:-e sul table inst runient s in the time available. Fre—
vi~-uz 

‘
~.y Inst i-unentat I on t’or ~iir—tomperature measurements of the type

required h~n~ been desi~zned by E. F. ~ox of  the Sandia Corp r~ttIon,
H~irold ~ t e w s :t  of the  Nava l Research Laboratory , W . L. Fons ot~ the
Ca1it’orni:~ sorest an d Rang e Experiment Station , and by E . C. I . Inn of
the Naval  i io log tc~i l :\~rense h~tborut-ory . Only that of Inn was opera—
t iona l ~~d~~ vailable . i t  was the property of Armed Fbrces special Weap—

ro ,’ec t  , who ;~ser.ted to its use. Members of the ~t~iff of NRDL
agreed t o  inst -a l l  and operate this equi~~ent in a shelter prepared for
Prcgra~ ~~~~~. ~heir results are given in fart I of this report.

in addi t I on , p1 eceo of thermal—sensitive paper were at t-ached to t he
wull  o: the shelter in conjunction with placement of the pigs. These
showed no ch~in~ o In color from heat.

~ .2 B T~ I,c~~iCAL ST~rDIES

rh e Ch ester white pig, which has a skin ve~~ similar to  t hut  of
maii , is  the most sensitive and best do cumented biolo~~cal receiver forthermal-burn studies. Thousazids of controlled laboratory observut ions
have been ma de on this an imal; therefore the c ilories per square coi:t i-

— 
meter required to produce any given degree of burn severity are ~ xown,within the l imi t s  of accurs cy imposed by an unlcnowxi exposure time. It-
was desired tha t the Atomic Energy Project of the University of Rochester
provide and place Chester White pigs in the shelter that was instrumented
for the thermal measurements. This ~ is made possible by the assistance
and cooperat ion of the members of Program 33.
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6..: .1 Anlui.~2s Used

Young , healthy Che ater White pigs weighing between .2~ t o  p~. u: .ds
.~er e proc ured , inoculated, and shippe d from Rochester, N. Y. rhey ar-
rived ir. good cond ition witho ut ev idence of sIc~~iess fro m s h t pp i n g .

On fl-i day the hair on both sides of their bodies wa:~ reaoved with
electric clippers having a No. 1~O head.

6.2.2 Restraints ~ised

t wa~ not - planned to auestheti~ e the animals; thus r e st r a i nt  ~.- i s
needed to positIon t hem . This was of two types. A web st- rap ha rness
was made whIch  buckled ont o the an imal. To t h i s  was attached lengths
of  light chain that were fastened to the structure to give a b -p o in t
suspension . The other method was by use of a 2-ft-long cage of strong
steel-wire mesh having a diamond-shaped aperture of about 1 in. These
had heavy supports welded to them, which in turn were bolted to the
floor. They were designed and fabricated by members of Program 33.

6. .2.3 Animal Placement

Figure 6.1 is a plan of the shelter showing the position, of each
animal wi th in  it. The walls were 8 ft high, each room was 12 ft s4uarc,
and. the ceiling was 5 ft below grade. A steel door frame was bedded
into the concrete at the bottom of the steps, but no door was used. An
escape sha ft emerged from the ceiling of the inner room, and, si nce its
sect ional area was smaller than the outside door , this room was called
the “slow-fill” side, and the room with the door was termed the “fast-
f ill” side. A closed steel door separated the two rooms.

Consideration was given to placing an animal on the stair landIng
at the position marked X , but It appeared that the line of sight from
the weapon was such that direct thermal radiation would be received here
which would be greater by a factor of .20 t han tha t necessary to produce
a severe , carbonized burn . Clearly, no useful Information could have
been obtained from such an exposure; so this posit ion ‘as not used.

An imal 7 was put in a steel mesh cage against the wall of the land-
ing at the foot of the steps outside the door frame. It was reali;od
that this animal would rece ive sever e blast effects in thi s posit-ion,
but it was hoped that it’ it survived this a useful comparison would be
obtained with the animal inside the door. The latter pig, No. ~~, wa s
positioned facing the open door in a wire mesh cage placed on the floor
2 ft from the door frame. 3ince the cage was 2 ft long, the bo3~y of th~
animal was centered about 3 ft from the door. Pigs 1 and 3 were on a
table In the center of the room which was 15 in. above the floor .

28
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The othe r an imals were on the floor. Their positions were indicat ed byavaila ble apac e, I . e . ,  that not being ueed for the experlment&i ofgram 33, which, of cour se , had prio rity in thi s teat .
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Chapter 7

RESULTS

On recovery, pig 7 was found dead. I t had suffere d tertiary blast
effects sufficient to crush one side of the chest wall . It is difficult
to evaluate burn severity by inspection of a dead animal ; therefore this
animal was returned to the laborat ory for skin biopsy and autopsy. Sub-
sequent study of the sections of skin showed complete epidertnal damage
with 0.1 mm penetration of the burn into the dermis.

Pig 5, which faced the door, was inactive and appeared shocked.
There were severe carbonized burns of the forehead, face, and ears. Be-
cause of its poor condition this animal was taken to the laboratory for
observation in a Bepa.rate cage. All other animals appeared to be in
good enough condition to be removed to the pens. It is notable, however,
that these animals, although grossly unharmed, displayed a marked and
atypical lassitude which persisted at least through H + 15 hr. They
could be approached, touched, and even picked up without making efforts
to escape or vocal complaint which is usual with this species. By H +

214 hi’ this lassitude was no longer noticeable.

Burn severity can best be judged at the end of the first 214-hr pe-
riod after injury. AnImals 1, 3, 14, 6, 8, and 9 were each examined, by
two observers. There were no serious lesions. A few animals had mild
skin irritation of the flanks from the harness. Pigs 3, 6, and 9 had
questionable areas of 1st-degree burns on their chest wall. These pigs
were isolated and reexamined by three observers . I t was agreed that
animals 6 and 9 had no burns. There was a questionable area of erythoma
about 1 in. in diameter on the side of pig 3 which could have been from
a minimal burn or mild harness irritation. This are a was b iopsiod. rho
microscopi c section showed no burn .

.- Pig 5 was the most interesting of all. After ~~ hr it. was still
lethargic but would stan d, walk , and eat . it  should be recalled tThutt
this animal was positioned to face the door and was about 3 ft from It~.
severe carbonized burns were present on face, fo rehead , and the t op s of
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the ears . Less severe lesions were found on the shoulders . The hair of
the snout , front legs , and. interscapu ].ar region , which had not been
clipped, was singed. This animal is shown in Fig. 7.1. It was sacri-
ficed at E + 29 hr, arid skin biopsies were taken from the forehead, left

• ear , and. left shoulder . At autopsy there were no fracture s, nor was
there intracraniai injury . Moderately severe blast damage with gross

— 
hemorrhage was found in the lungs.

It Is interesting to observe that the thermal burns of th is animal
were only on surfaces that were orien ted toward the doorway . They were“profile ” in type , and whatever caused the burn came directly at the
snimal in a horizontal direction from the door . The rump and flanks
were uninj ured; thus damaging thermal ener~~ did not angle in from above
or from the side .

Subsequent study of the microscopi c sections on pig 5 showed severe ,complete epidermal damage with penetration of the burn 0.3 mm into thedermis on the biopsy taken from the fa ce . Sections from the ear andshoulder showed burns limited to the epidermis.
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Chapter 8

DISCTJSSION

None of the 3 pigs in the slow-fill side were burned, not even the
one directly beneath the escape shaft. The walls of this shaft were
painted white, but it had a perforated. metal manhole type casting at its
top which would not only redrice air intake but also partly screen the
shaft wall from. radiant thermal energy • The negative result of the ex-
periments in the slow-fill side are valuable in showing circumstances in
which thermal burns do not occur. Hence, it is her e that a controlled
experiment could best be carried out to alter the rate of air inflow or
the amount of reflected radiant thermal energy in order to evaluate the
role of each in the etiology of these burns .

The results from the experiment in the fast-fill side give convinc-
ing proof that severe thermal burns can occur in shelters. The obser-
vations on pig 5, which was just within the door, were worth our entire
effort. Obviously in facIng the doorway this animal ‘was looking at the
source of the thermal energy that caused. the profile burns. The big
quest ion is the source of the heat .

This question denands further study . Shelters are designed to give
protection, and it is evident now that this must include protection
against thermal burns.
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Chapter 9

SUMMARY AND CONCLUSIONS

1. Eight young Chester White pigs were placed in a shelter used by
Program 33 at shot Galileo. These animals are very well documented re-
ceivers for biological evaluation of skin burns.

2 . Three pigs in the slow-fill room had no discernable burns.

3. Three pigs away from the door of the fast-fill side were not
burned.

14 . T’wo pigs were severe ly injured . One , which was about 3 ft in-
side the door of the shelter, sustained carbonized burns of those j~irtswhich were oriented toward the doorway. The other one, which was on the
landing at the foot of the stairs outside the door, was killed by blast
injuries. Biopsy of its skin showed it to be burned.

5. It is necessary to carry out further experimentation on the
cause of these thennal burns within shelters in order to guard against
them .

a
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